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Mid-Aug 2013 Plume of Model ENSQO Predictions
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Probability Forecast Based on Grand Mean from

Existing Plume Product
Mid—Aug IRI/CPC Plume-Based Probabilistic ENSO Forecast
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Problems with current plume product

1. Mixing of slightly different base periods used for anomalies

2. Spread within individual models is ignored:
 Individual ensemble members in dynamical models
 Standard error of estimate in statistical models

3. Model biases not corrected.
4. No attempt made to objectively estimate and provide

probability distribution; user sees the spread among the model
forecasts and surmises uncertainty on own.

\
International Research Institute
for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




MMME Forecast far Nina 2.4 |C= 201308

National MME

=+ CF5vZ

| s—<eaou  Bjases are Corrected

2.5

H——-73 GFLL

1.51 B—8 hHasA

M AR

B s N M ME
0.5

3 =1 i o I L T o T L B T
FEE MAR APR [Ty JUN JUL AL SEF QCT H DEC i FEB MAR
2013 2014

International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




Six NMME Models Used Here

Model #ENS Max

Members Lead
NCAR/Univ. Miami CCSM3 6 12
NOAA/NCEP CFSv2 24 10
Canada CMC1 10 12
Canada CMC2 10 12
NOAA GFDL 10 12
NASA 11 9

Hindcast period: 1982-2010 (29 yrs)
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Hindcast Performance Diagnostics:

Individual Models and NMME
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Individual Model Correlation Skill by Start Month and Lead
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Individual Model Correlation Skill by Start Month and Lead

CHWCT Model Correl SKill CMCZ Model Correl Skill
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Individual Model Correlation Skill by Start Month and Lead
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Individual Model Bias by Start Month and Lead

CCSM3 Model Bias CFSvE Model Bias

CFSv2 has dual
bias correction

5 : up front, leaving
3 5 no bias at
} - beginning.
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Lead (Months)
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Individual Model Bias by Start Month and Lead

CHWCT Model Bias
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Individual Model Bias by Start Month and Lead

GFDL Model Bias NASA Model Bias
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NMME is made with each ensemble member
being weighted equally. So, models with more
members are effectively weighted more heavily.
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Lead (Months)
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NMME Bias

MEAME: Bias before Correction
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Lead (Months)

12

10

NMME Correlation Skill
Without Amplitude Correction

NMME: Correlwithout Amplitude Correction
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NMME: Correl after Amplitude Correction
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Difference in NMME (Correlation)? Skill:
With Minus Without Amplitude Correction

MEME: Diff in Squared Correl with Model Amplitude Correction
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Lead [ Months)

NMME Stand. Dev. Ratio w.r.t. Observations
Ratio: Before/After

NMME: Error in SD Ratio without Correction [no error: 1.0]

No Corrections Amplit Correction

NMME: SO Ratiowithout Armplitude Carraction NMME: SD Ratio after Amplitude Correction
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Estimation of Forecast Uncertainty

« Using Ensemble Member Spread
« Using Hindcast Skill based Standard Error

((IRT)



The hindcast skill-based standard error of estimate (SEE) provides
a reliability-preserving spread:

— 2
SEE = 8D, \/1 cor’,
where X = system forecasts Y = verifying observations

It would be comforting to see the NMME spread approximate
this statistical, skill-based SEE. Let us see If that is the case.
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Ratio: Grand NMME Spread / Skill-Based Stand. Error
No Correction Bias Correction Bias & Amplit Correction
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Ratio: Spread of Ens Means w.r.t. Grand Ens Mean/ Skill-Based Stand. Error

No Correction Bias Correction Bias & Amplit Correction
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Ratio: Spread w.r.t. Indiv Ens Mean/ Skill-Based Stand. Error
Without Amplitude Correction With Amplitude Correction

Ratio: Internal Spreadwrt Ens Mean ! StandErrof Est (uncorre Ratio: Internal Spread wrt Ens Mean/ StandErrEst (amplit-corrected)
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Need to estimate the uncertainty distribution
and show it in the plume product.

® obs

®  forecastmean Large negative bias
MME spread
historical error No Correctlons Spread too Iarge
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2009/10
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e obs Negative bias removed
o forecastmean Spread more reasonable
MME spread ] ] .
historical error With Bias Corrections
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Spread a bit too small

® obs

o forecast mean Amplitude smaller
MME spread
nistoral ol Wlth Blas and Amplitude Correctlons
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Some Findings

Multi-model ensemble spread is considerably larger than SEE
when the models’ differing biases are uncorrected: Ratio is 1.5
to 1.8, and is reduced about halfway to 1.0 after individual
model bias corrections.

Even the ratio of spread of individual model ensemble means
w.r.t. grand mean to the standard error of estimate is 1.3 to 1.8;
model bias corrections reduces it about %, of way to 1.0.

Ratio of internal spread around individual model ensemble
means to the standard error of estimate is in 0.8 — 1.0 range.
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Some Findings (continued)

Correcting forecasts so that the ratio of their interannual SD
equals that of observations multiplied by their correlation

skill (1.e., amplitude correction) makes less difference in the
RMSE of the NMME forecasts than model bias correction, but
brings the spread of the MME forecasts within the neighbor-
hood of that indicated by the skill-based SEE.
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Recommendations and Issues

Correction of model mean biases should be done.

Correction of model amplitude biases should also be done, and
It will reduce the interannual variability of the NMME
forecasts to be lower than that of the observations, to
minimize squared errors. (Some may not like that.)

What is the best way to display the forecast plume for users?
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